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Introduction

Hexavalent chromium [Cr(VI)] is a ubiquitous
heavy metal pollutant in industrial wastewater and
solid waste, known for its high toxicity and
carcinogenic potential. Consequently, it is subject to
stringent regulatory monitoring. The Environmental
Laboratory is tasked with conducting compliance
testing of Cr(VI) in effluents and wastes from power
plants to meet environmental standards.

The current standard method, NIEA R309.13C,
utilizes the Diphenylcarbazide (DPC) colorimetric
assay. This method is based on the reaction of Cr(VI)
with DPC in an acidic medium, forming a red-violet
complex, quantified by UV-Vis spectrophotometry at
540 nm. Despite its widespread use, practical
laboratory observations have indicated a perceptible
decline in absorbance values within minutes of color
development. As the standard method does not
explicitly specify a mandatory time interval between
reaction completion and measurement, this
instability poses a risk to data precision. This study
aims to systematically quantify the relationship
between chromaticity decay, time, and initial
concentration to establish robust quality assurance
protocols.

Results and Discussion

(1) Mechanism of Decay: Rigorous controlled
experiments comparing light-exposed and light-
that  the

shielded groups demonstrated

Percentage of Concentration Decay (%

degradation of the Cr(VI)-DPC complex is
predominantly a photochemical reaction.
A. Light Exposure: Significant chromaticity
decay was observed across all
concentration levels (Figure 1).
The

B. Light Shielding:

inhibited

decay was

substantially under dark
conditions. As shown in Table 1, the
absorbance values remained relatively
stable when shielded from light. For
instance, at a concentration of 100 pg/L,
the decay rate dropped from 10.74%
(unshielded) to 1.58% (shielded) over a

6-hour period.
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Note: The “Detected Concentration Decay Rate (%)” is
defined as: [1 - (Detected concentration at t min post-
development/Detected concentration at 10 min post-
development)] x 100

Source: This study

Figure 1. Relationship between Detected Concentration
Decay Rate and time under unshielded

Conditions following color development.
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Table 1. Comparison of Concentration Decay Rates under Light and Dark Conditions (6-Hour Interval)

Initial Concentration Change Ratio Concentration Change Ratio Under
concentration(ng/L) | ynder Unshielded Conditions(%) Shielded Conditions(%)
6 100% 51.62%

9 100% 23.93%

10 98.48% 73.10%

30 29.00% 7.39%

50 17.36% 4.94%

100 10.74% 1.58%

200 6.37% 0.14%

300 5.42% 0.34%

400 4.03% 0.30%

600 4.05% 0.27%

700 3.47% 0.04%

800 3.29% 0.16%

Source: This study

(2) Concentration-Dependent Decay Kinetics:

The study revealed that the decay kinetics of the

Cr(VI)-DPC

complex exhibit a “dual

characteristic” (Table 2) dependent on the initial

concentration:

A.

High Concentration Regime ( = 300
pug/L): The decay follows First-Order
Kinetics. The rate of degradation is

consistent and independent of the initial

concentration within the

interval.

same time

Low Concentration Regime (< 300 pg/L):

The decay deviates from first-order

behavior, exhibiting complex and

irregular  kinetics.  Notably, lower

concentrations showed disproportionately

higher decay rates, making predictions

difficult without strict control.

Table 2. Decay Kinetic Modes of the Cr(VI)-DPC Complex Observed in This Study

Concentration Range

Decay Kinetic Model

Decay Characteristics

High Concentration

(=300 ug/L)

Follows First-Order Kinetics

The proportion of decay remains constant within
identical time intervals and is independent of the

initial concentration.

(<3

Low Concentration

Deviates

00 pg/L) Kinetics

from First-Order

Exhibits complex and irregular decay behavior;
the proportion of decay varies with the initial

concentration within identical time intervals.

Source: Compiled by this study
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3. Conclusions and Operational Recommendations

To mitigate the instability of the Cr(VI)-DPC
complex and ensure high-quality analytical data, the

following procedural modifications are recommended:

(1) Strict Light Shielding: Immediately following
the color development reaction, all samples and
calibration standards must be stored in a

completely dark environment until measurement.

(2) Time-Window Control: Given the unpredictable

decay kinetics at low concentrations, it is critical

3)

to minimize the interval between color
development and instrument reading. It is
recommended that measurements be completed

within 30 minutes of reaction initiation.

Batch Optimization: Analytical batches should
be optimized based on sample volume. Priority
should be given to low-concentration samples or
those most sensitive to time delays to prevent

data bias caused by absorbance fading.



